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Critical Sustainability Factors in Industrialised Building Systems  
 
Abstract 
Purpose – This paper presents findings of a research study aimed at identifying critical 
sustainability factors for improved implementation of Industrialised Building Systems (IBS). 
It also highlights the importance of decision support, through the establishment of decision 
making guidelines, for sustainability deliverables in IBS development.  
Design/methodology/approach – A broad range of sustainability factors, as perceived by 
researchers and practitioners, are identified through a comprehensive literature study. A study 
of the survey and statistical data analysis is conducted to examine the criticality of these 
sustainability factors in IBS implementation.  
Findings – 18 sustainability factors are identified as critical to IBS implementation. Their 
interrelationships and driving forces are explored, which leads to the development of a 
conceptual model to map these factors for actions or potential solutions. The work provides a 
sound basis towards a set of decision making guidelines for sustainable IBS implementation. 
Originality/value – Compared with previous studies that focus on technical or economical 
aspects, this study extends existing knowledge on construction prefabrication by linking all 
aspects of sustainability issues with the design process. It also covers industry characteristics 
of developing countries, as represented by Malaysia’s scenarios. 
Keywords - Sustainability, Industrialised Building System (IBS), Stakeholders, Critical 
Factors, Decision Making 
Paper type - Research paper 
Introduction 
Prefabricated construction is experiencing a rapid evolution and offers a new dimension in 
project deliverables. Building production in a controlled environment offers many advantages 
such as minimising construction time, increasing the quality of buildings, reducing 
construction cost, enhancing occupational health and safety, and reducing construction waste. 
In contrast, conventional on-site methods have long been criticised for being labour intensive, 
of high risk to human health and safety and for causing significant damage to the 
environment (Jaillon and Poon, 2008).  
Prefabricated construction is known as an “Industrialised Building System” (IBS) in 
Malaysia. Researchers have recognised the opportunity that IBS presents in being a catalyst 
for increased sustainability of building developments, as it promotes the notion of meeting 
present needs without compromising the ability of future generation to meet their needs 
(Horman et al., 2006; Jaillon and Poon, 2008; Tam et al., 2007). However, the take-up rate of 
IBS in the Malaysian construction industry is still low at a reported rate of only 10-15% of 
the overall volume of works during 2003 to 2006 (Abd Hamid et al., 2008; Nawi et al., 2011; 
Kamar et al., 2009). One possible reason is the limited understanding among stakeholders on 
the potential of IBS. Many stakeholders have negative perceptions in IBS as they are often 
poorly informed on IBS design, unable to foresee the benefits of this innovative method and 
unaware of its relevance to sustainability. Chen et al. (2010b) observed that problems such as 
changing orders, delays in production or construction and budget overrun during IBS 
implementation are mostly related to inappropriate planning decisions. Consequently, IBS 
does not perform at optimal levels. According to Luo et al. (2008), the potential for IBS 
cannot be optimised without a well-defined decision making tool. Wrong decisions regarding 
IBS attributes will ultimately alter the performance, outcomes, and quality of the projects. In 
addition, there is a lack of decision making tools that encapsulate sustainability principles 
during the selection of IBS methods (Chen et al., 2010a).  
Cooperation among key stakeholders is another major issue in an IBS based approach. 
Conventional building methods restrict contractors and manufacturers from being involved in 
the design stage of a project, which often results in design changes and a corresponding cost 
increase (Hamid et al., 2008). Sustainability initiatives require early collaboration among 
stakeholders (Ding, 2008; Horman et al., 2006; Jaillon and Poon, 2010; Yang and Lim, 
2008). Accordingly, it is important for each player to identify prospective issues and set 
agreeable targets of sustainability prior to schematic design. This process should continue 
throughout the construction, operation, maintenance, and eventually the demolition of the 
building. In this context, there is a need for better understanding of how IBS can potentially 
enhance sustainability in order to promote wider adoption of these practices. Specifically, an 
integrated assessment process and effective collaboration between key stakeholders, on the 
key attributes and evaluation of potential sustainability factors, are crucial towards effective 
IBS delivery. 
This paper discusses preliminary findings of an ongoing study which is aimed at exposing 
critical sustainability factors for IBS implementation and using these factors to formulate 
decision making guidelines in real world industry applications in Malaysia. Based on the 
conducted literature reviews, this study identified a wide range of potential factors affecting 
sustainable deliverables of the IBS construction. It then explores critical sustainability factors 
in IBS construction in local contexts before a survey study and subsequent statistical analysis 
of the data. A conceptual model is then developed to highlight the sustainability deliverables 
and challenges in IBS projects that will lead to the eventual development of decision making 
guidelines. 
This research has strong connections with and is supported by the Construction Research 
Institute of Malaysia (CREAM), which has a high level of interaction with the local 
construction industry. This institute not only provides information on project cases and access 
to industry professionals and organisations, but will also assist the authors with strategies for 
research information dissemination, including workshops, open seminars, and project leaflets 
upon completion of the study.  
The Study on Sustainable IBS Factors 
Chen et al. (2010b) argued that construction practitioners struggle to integrate sustainability 
in IBS implementation due to the ad hoc decision processes and a shortage of tools in 
sustainability assessment. Typically, the evaluation and selection of IBS implementation is 
based on the rules of thumb of decision makers and the design team’s experience (Idrus and 
Newman, 2002). Therefore, the potential factors that can be used for catalysing sustainability 
performance in IBS application are explored first. Previous studies have identified the 
following indicators and attributes to improve sustainability in building construction: PPMOF 
(Prefabrication, Preassembly, Modularization, and Offsite Fabrication), IMMPREST 
(Interactive Method for Measuring PRE-assembly and Standardisation), PSSM 
(Prefabrication Strategy Selection Method), Structural Frame Selection (SFC) and CMSM 
(Construction Method Selection Model).  
PPMOF was developed to help stakeholders overcome project challenges and improve 
performance by using the available opportunities in prefabrication (Song et al., 2005). 
However, it focuses solely on strategic level analysis and fails to consider each factor 
objectively, which may therefore produce a biased decision (Chen et al., 2010a). IMMPREST 
brings “softer issues” such as health, safety, sustainability, and effects on management and 
process into consideration but it cannot be applied in the early stages of design (Chen et al., 
2010a). PSSM was developed to focus on curtain wall systems, mechanical systems and wall 
frames (Luo et al., 2008). Soetanto et al. (2006) developed SFC, which is a framework in 
evaluating structural options such as steel versus hybrid concrete frames. Both PSSM and 
SFC consider certain aspects of IBS components, focusing on issues such as physical form, 
space and construction process. As such, they offer limited support to holistic decision 
making on prefabrication.  
The latest tool, CMSM, is divided into two sequential levels, strategic and tactical (Chen et 
al., 2010a). The former is to evaluate prefabrication potential in term of project 
characteristics, site conditions, market attributes, and local regulations; while the latter is to 
examine project efficiency and explore an optimal strategy across different scenarios (e.g. 
column, beam and slab). CMSM provides a rank order of all alternatives, thus identifying an 
optimal prefabrication strategy for a concrete building.  
While these existing tools provide some assistance in the selection of IBS, few are capable of 
recommending how to embed sustainability deliverables in the selected options. This has 
been the major issue in the application of IBS in Malaysia. To date, sustainability 
considerations for IBS tend to focus on narrow domains such as construction method 
selection, subsequently involving only a single profession such as structural engineers. 
Established decision tools do address technology and economic constraints but they do not 
consider sustainability as a whole. In particular, they tend to omit environmental, social and 
institutional considerations. According to Spangenberg (2002), sustainability pillars must be 
considered equally when selecting appropriate strategies for enhancing sustainability. 
Moreover, concrete buildings seem to be the main focus in existing tools. However, IBS in 
Malaysia also encompasses structural applications such as timber and steel, which exhibit 
unique characteristics for the improvement of sustainability deliverables (Burgan and Sansom 
2006). Aimed to facilitate practical decision making during the design stage, it is important 
for this research to consider the views of all major stakeholders across a variety of 
professions.   
Local and regional characteristics and physical environment are among the important 
elements to be considered when measuring the level of sustainability (Gomes and da Silva, 
2005). As most of the existing tools for IBS application are from the perspective and 
experiences of developed economies, without flexibility for adaptation, the issues studied in 
developed countries are unlikely to be applicable or even relevant to developing countries 
(Cohen, 2006). For example, Malaysian industry respondents of this research argue that 
‘Standardisation’ is a highly important and relevant issue to sustainability. But for developed 
countries with established and sophisticated standardisation systems, this may not be a major 
problem, as it has not been reported in previous research work. Moreover, previous studies 
tend to focus on promoting the potential of sustainability without adequate consideration for 
problematic areas and threats but this research addresses these considerations. Findings 
discussed in later sections will demonstrate the efforts to unify views, focus on local 
characteristics and the ability to consider “negatives” in the proposed decision framework. 
To obtain a holistic view on all aspects of sustainability deliverables in building projects, the 
authors conducted a comprehensive review of related studies as reported in top ranked 
construction journals between 2001 and 2011. Table 1 lists a total of sixty two factors and 
sources of information. The wording of these factors is based on full comprehension of the 
research works while referring to the original expressions in titles and keywords of the papers 
studied.  
<INSERT TABLE 1> 
The factors are identified through worldwide research involving a significant number of 
researchers and practitioners, thus representing a wide range and a variety of experiences for 
sustainability considerations. As they reflect the views of different professions, organisations 
and regions, there is a need to identify the most relevant and critical for the Malaysian 
context through surveys of the local industry. It is also important to apply statistical measures 
to consider variances, enhance data reliability and improve accuracy.  
Several research mechanisms are applied to data collection, analysis, and results formulation 
in this study. This paper focuses on preliminary findings of the research obtained through a 
literature study, a questionnaire survey and comprehensive data analysis. Findings of 
subsequent works, including a semi-structured interview and case studies, will be reported in 
another paper.  
Research methodology 
It is fundamental to establish a philosophical position and orientation towards the inquiry of 
research (Dainty, 2008). A research paradigm should be formed as the cluster of beliefs and 
perspectives a researcher should hold within a scientific discipline. It will influence the 
researcher on what to study, how it should be done, and which methods to employ (Bryman, 
2004). Creswell (2009) categorised different views of research paradigms into “post 
positivist”, “social constructivist”, “advocacy and participatory” and “pragmatic” 
worldviews. In this research, pragmatism was considered the most applicable because the 
focus is on the problem and on deriving knowledge about the problem in order to establish a 
solution. As a research paradigm, the pragmatism approach uses mixed methods to solve 
research problems arising from actions, situations, and consequences. The identification of 
critical sustainability factors and the development of a framework to deal with these factors 
during IBS implementation is a process of induction. This is because the industry 
perspectives are first explored, identified, analysed then synthesised into an interrelationship 
model. In contrast, practical actions to improve sustainability through decision making 
guidelines are based on a procedural based approach using SWOT (Strengths, Weaknesses, 
Opportunities, and Threats) analysis, which indicates a deduction approach. For data 
collection, this research uses a mixture of survey methods and case study.  
A questionnaire survey was selected as the primary tool to explore the consensus among 
stakeholders around decision making for sustainable IBS. Compared to other instruments, 
questionnaire studies can provide less biased results. It is important not to focus on one 
sustainability factor only when there are other factors that could also be significant 
(Ekanayake and Ofori, 2004; Wong and Li, 2006). The survey is designed around the 62 
sustainability factors identified from literature review. The respondents were asked to rate the 
level of significance of each of these factors based on their judgment and experience. The 
data used in this study is collected from different organisations such as contractors, designers 
and manufacturers. The data was analysed by comparison and synthesis. A pilot study was 
conducted to compile survey questions into useable formats to describe responses, 
comprehensiveness, and acceptability of the questionnaire (Fellows and Liu, 2008). A small 
group of potential respondents reviewed the clarity and confirmed the relevance of the 
questionnaire.  
The questionnaire is comprised of five major parts: 
• Part 1: the respondents’ demography and their level of experience and background.  
• Part 2: the level of significance for potential factors in enhancing sustainability 
deliverables for IBS construction.  
• Part 3: the impact of those potential sustainability factors in providing a better future 
without neglecting present needs.  
• Part 4: the additional comments or suggestion by the respondents. 
• Part 5: an invitation to participate in the future investigation in this research.  
This survey involved seven sample groups categorised by their organisation type. The groups 
are randomly selected from professional data bases of the Construction and Industry 
Development Board, Industrialised Building System Centre, and Green Building Index 
Malaysia. They represent designer/consultant companies, manufacturer companies, user or 
facility management companies, developers, research/academic institutions, and 
authority/government agencies. A total of 300 copies of the questionnaire were distributed by 
post, online survey and face-to-face consultation. As a result, 115 questionnaires were 
returned and used in the analysis, representing a response rate of 38%. 
Statistical measures and analysis method 
The Likert five-point scale was used to ensure an unambiguous result, ease of interpretation, 
and appropriate measurement on an ordinal basis (Ekanayake and Ofori, 2004; Wong and Li, 
2006). The five-point scale comprised of 1 “very insignificant”, 2 “insignificant”, 3 “neutral”, 
4 “significant”, and 5 “very significant”. The mean importance ratings were calculated with a 
t-test to identify the most significant factors among the ones selected.  
The t-test compared two hypotheses with the null hypothesis rejected if the t-value is larger 
than	(,). In this study, n is the sample size (115), α is set at 0.05 and the critical t-value is 
1.6598. If the t-value of the statistical test of the mean ratings by the respondents is lower 
than 1.6598 at 95% confidence interval, the null hypothesis (factors were neutral, 
insignificant, and very insignificant) is accepted.  
 
Kendall’s coefficient of concordance (W) was then used to help the authors determine the 
association among the critical sustainability factors identified (Siegel and Castellan, 1988). 
The agreement of respondents needs to be analysed to address different stakeholders’ 
requirements. If the test statistics, W, is 1, all survey respondents have been unanimous and 
assigned the same order to the list of factors. If W is 0, there is no agreement among the 
respondents.  
For the critical factors identified, it is important to consider the differing views between each 
organisation type regarding the relative significance factors in improving sustainability. In 
this context, the Kruskal-Wallis one way ANOVA was used to assess how these factors are 
rated by the different types of organisation (Wong and Li, 2006). This study does not use 
matched parametric testing as the variables are measured by ordinal scale and not in the 
normal distribution. The chi-square (χ2) is interpreted as the Kruskal-Wallis value and 
represents the rating distributions in the questionnaire. If the p-value is lower than 0.05, there 
are differences in the mean ranks of sustainability factors for IBS between respondents’ 
organisations.    
For further investigation, a Mann-Whitney test can be used to determine which factors are 
significantly different from each other across group types. This supports Pallant’s (2007) idea 
that such a test is useful to compare differences on the relative significance of factors 
between independent groups.   
Data Analysis and Key Findings 
Sample characteristics and reliability of the questionnaire 
Figure 1 provides a breakdown of the 115 valid respondents by seven organisation types in 
IBS construction. The largest proportion of respondents is contractors at 20%, followed by 
designer/consultant (18%), user (15%), authority/government agency (14%), client (12%), 
manufacturer (11%), and research/academic institution (10%). All respondents have over 10 
years experience in construction work and more than 50% of them have been involved in IBS 
construction for more than 5 years.  
<INSERT FIGURE 1> 
Using SPSS’s PASW Statistics 18.0, Cronbach’s alpha was calculated to test the internal 
consistency of the scale in providing appropriate ratings for the listed factors. The coefficient 
for alpha reliability is normally between 0 and 1. A value greater than 0.7 will be regarded as 
being sufficient but values above 0.8 are often preferred (Pallant, 2007). In this study, 
Cronbach’s alpha value for potential sustainable IBS factors is 0.975, which indicates strong 
internal consistency of the scale used in the study and suggests reliable data has been 
obtained.  
Ranking of the critical sustainability factors 
The ranking of sustainability factors was carried out based on their mean values. In selecting 
the critical factors the cut-off mean value is 4.00, which represents “significant”. Out of the 
62 factors identified from literature review, only 37 were rated by the respondents as 
“significant” and “very significant” (mean ≥ 4.00). Standard deviations show how much 
variation exists from the mean evaluated in the analysis. Table 2 summarises the descriptive 
and inferential statistics for the “more” significant factors contributing to sustainability in IBS 
construction. Standard deviations show uniformity with most below 1, thus representing data 
accuracy in this research. 
<INSERT TABLE 2> 
In order to examine whether the respondents ranked the 37 sustainability factors in a similar 
order, Kendall’s coefficient of concordance was calculated. From the analysis, the coefficient 
value for critical factors is 0.104, which shows statistically that the respondents have different 
preferences and perhaps even conflicts in determining the most important factors (Table 2).  
As discussed earlier, the critical t-test value of 1.6598 was applied, which left 18 critical 
factors including: “construction time”, “production”, “waste generation”, “constructability”, 
“knowledge and skills”, “defect and damages”, “labour cost”, “waste disposal”, “procurement 
system”, “durability”, “working condition”, “standardisation”, “usage efficiency”, “labour 
availability”, “material consumption”, “legislation”, “project control guidelines” and 
“maintenance and operation costs”.  
Agreements on critical sustainability factors 
Agreement across the seven types of organisations is very important in developing guidelines 
for decision making. It is important to be noted that Kendall’s coefficient of concordance can 
identify the agreement levels but it cannot investigate whether there are major differences in 
the organisations’ ranking of the significance levels. To address this issue, Kruskal-Wallis 
one way ANOVA was used.  
This test revealed that there was no significant difference between various stakeholders for 13 
sustainability factors (Table 3) which indicates that there is generally a consensus regarding 
the perceptions and expectations in achieving sustainability. However, five factors did have 
slight differences across the key stakeholders. They are: (1) ‘constructability’, (2) ‘defects 
and damages’, (3) ‘labour cost’, (4) ‘material consumption’, and (5) ‘legislation’. It is 
interesting to note that although “constructability” is one of the top five critical factors, each 
of the seven groups ranked it at difference significance levels.  
<INSERT TABLE 3> 
In terms of their roles, the seven groups can be categorised into two major categories of 
“doers” and “thinkers”. The “doers” (contractor, manufacturer, and user) believed that 
constructability in IBS will enhance the sustainability deliverables. Whereas the “thinkers” 
(designer/consultant, client, research/academic institution, authority/government agency) do 
not necessarily share the same view. It also proves that “client organisations are more 
concerned about stakeholder management compared to contractor organisations” (Yang et al., 
2010). 
Among these five factors, the opinion of manufacturers and users differs from other groups in 
determining the significance level of “defect and damages”, “labour cost”, and “material 
consumption”. A possible reason for this may be that manufactures and users are typically 
involved only with end product, unlike other groups which are involved in briefing, design 
and construction stages. Most of the decision makers consider available options or potential 
factors based on their familiarity and personal preferences (Idrus and Newman, 2002).  
The Mann-Whitney test explores differences between two independent groups on a 
continuous measure. The score on the continuous variable for the two comparable groups is 
converted to ranks, in order to evaluate whether the ranks differ significantly. Test results in 
this study are shown in Table 4. It is notable that designers/consultants have a different focus 
in improving IBS sustainability in four factors namely: 1) ‘constructability’, 2) ‘defect and 
damages’, 3) ‘labour cost’ and 4) ‘material consumption’. Designers/consultants were found 
to have different opinions on the significance level of ‘defects and damages’ and ‘labour cost’ 
when compared to contractors, manufacturers and users. For the factor of ‘legislation’ there 
were differences identified between contractors and three other organisation types 
(manufacturer, user and client). It is argued that from the institutional perspective, these 
organisations are focusing on the details in legal documentation and regulations. In contrast, 
the contractor normally has low concern for these issues because they more focused on the 
physical activities. 
<INSERT TABLE 4> 
Results of the above tests suggest that all 18 factors can be statistically considered as most 
significant and relevant. The respondents and their organisations represent different 
backgrounds and experiences which can either affect or be affected in IBS projects. As key 
stakeholders, their opinions and views are very important in stimulating sustainability 
deliverables in IBS construction. Therefore, factors selected and ranked as critical will 
provide a sound foundation on which to base decision making guidelines on IBS 
implementation.  
Discussion of Survey Results 
The research findings indicated that the most significant factor was “construction time” 
(Rank 1). This echoes the notion that “time of construction” is the most important criteria in 
construction method selection (Chen et al, 2010b). Moreover, “production” was the second 
most significant factor. Jailoon and Poon (2010) found that there is a common view among 
the key stakeholders that IBS has the potential to improve production quality control, which 
leads to a better end product. Both of these most significant factors can improve IBS 
sustainability in an economic sense. It is also important to note that the factors from an 
institutional dimension also received a higher ranking from the respondents. This finding was 
in line with several researchers on the important of this dimension being considered in 
assessing sustainability (Spangenberg, 2004; Ross, 2010; Jenkins et al., 2003). Many factors 
within this dimension are ranked as “significant” or “very significant” in this research, such 
as: “governance”, “integrated environmental and economic programme”, “design standard 
and project function” and “standardisation”. Moreover, such levels of ranking show a 
balanced consideration for all aspects of sustainability.  
Knowing the critical factors is important but knowing how to deal with each of them requires 
appropriate and effective strategies. The first step is to establish the logic and structure in 
processing critical factors. To this end, five categories were used to separate the critical 
factors into: ecological performance; economic value; social equity and culture; technical 
quality; and implementation and enforcement. This categorisation extends the “Triple Bottom 
Lines” to include social, economic, environmental and institutional dimensions. A conceptual 
model was then created as a consideration and responsibility guide to coordinate a systematic 
IBS decision making approach (Figure 2). The combination of human aspirations and 
essential values such as social equity, environmental quality and economic constraints are 
important in developing business strategies and in formulating long term goals for smart and 
sustainable built environments (Yang et al., 2005). It is argued that these factors will provide 
the right perspective in achieving sustainable objectives.  
<INSERT FIGURE 2> 
The next phase of this ongoing research will identify ways to process and respond to the 
critical factors. A qualitative approach is employed to reinforce the findings and to 
understand real world implementation issues in the industry. The insight and opinions of the 
respondents can be gathered to formulate a strategy for efficient decision making. Semi-
structured interviews are being conducted to explore each factor in-depth and to formulate 
solutions or action plans to consider, encapsulate, and improve IBS sustainability. To embed 
recommendations into a practical tool, this research will use the SWOT analysis presentation 
format. 
A series of scientific research has already adopted SWOT analysis as a tool in formulating 
solutions to field problems. The purpose of a SWOT analysis is to help decision-makers 
understand how to exploit any opportunities by utilising available strengths, avoiding 
weaknesses and diagnosing any possible threats in the examined issues  (Ling et al,. 2009). In 
this study, SWOT analysis provides the necessary framework to understand the internal and 
external conditions of each critical factor. Considerations on both ‘positive’ and ‘negative’ 
aspects of pursuing sustainability can help “complete the scenarios” when making the best 
selection. Such a decision making framework will also include ‘action plans” to present 
information on what and how to improve the sustainability of each critical factor. Ideally, this 
would form part of the project briefing documents against which sustainability solutions can 
be considered and implemented by the designers. Moreover, the clear responsibility of IBS 
participants around sustainability deliverables can be documented and potentially embedded 
in contracts. Developers and designers alike will have a tool to assess the potential of IBS and 
enhance sustainability. 
Conclusion 
This paper presents the preliminary findings of research aimed at improving sustainability 
considerations and deliverables in IBS design and construction in developing countries, using 
Malaysia as the case study. Research progress to date includes the identification of 18 critical 
factors and the development of a conceptual model on the responsibility, classification and 
interrelationships between these factors. Cooperation from the Construction Research 
Institute of Malaysia (CREAM) and strong industry participation helped the authors reach a 
consensus among key stakeholders on critical aspects of IBS sustainability. The study 
establishes engagement points for stakeholder collaboration and promotes the unification of 
views from all involved and the integrated decision making for IBS implementation. 
Compared to other related studies which tend to deal with economical or technical aspects in 
isolation, this research encapsulates all sustainability aspects for study as a whole. 
At the time of writing, the authors are working on the identification of practical solutions as 
action guidelines for designers who are at the forefront of decision making with a significant 
level of influence on sustainability deliverables in IBS based projects. The guidelines will 
assist them in deciding on critical sustainability elements in physical and social 
environments, select appropriate materials and components, and produce financially viable 
design solutions. The guidelines will be then validated and improved through three to four 
project case studies. 
This research demonstrated the potential to embed sustainability principles into IBS 
applications. Determining significant factors and achieving a consensus among key 
stakeholders on the need to respond to these factors is a solid first step. Further research can 
extend the practicality of this study by modelling the procedural based decision making 
guidelines into computer knowledge based systems. In line with previous literature, this 
research further proves that local, regional and organisational characteristics can influence the 
perceptions and the priorities of sustainability factors. This research confines itself with 
Malaysian scenarios as a developing country. Its findings and outcome should be jointly 
studied with industry conditions in other developing countries for broad applicability. In this 
context, the focus should be on standardisation systems and industry level development of 
work skills. 
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Table 1: A summary of potential factors enhancing sustainable deliverables in IBS 
construction 
 
No. Sustainability Factors References Sources 
1 Construction time Jaillon and Poon (2008) 
Construction Management and 
Economics 
2 Lead-times Chen et al. (2010b) Automation in Construction 
3 Maintenance and operation 
costs Nelms et al. (2007) Building Research & Information 
4 Disposal costs Chen et al. (2010b) Automation in Construction 
5 Life cycle costs Soetanto et al. (2004) Engineering, Construction and Architectural Management 
6 Initial construction costs Tam et al. (2007) Building and Environment 
7 Material costs Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
8 Labour cost Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
9 Speed of return on investment Chen et al. (2010b) Automation in Construction 
10 Production 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: Information, 
Process, Management 
11 Design stage adoption Song et al. (2005) Journal of Construction Engineering 
and Management 
12 Pollution generation Chen et al. (2010b) Automation in Construction 
13 Environment administration Ian et al. (2008) Corporate Social Responsibility and Environmental Management 
14 Ecology preservation Soetanto et al. (2004) Engineering, Construction and Architectural Management 
15 Water consumption Chen et al. (2010b) Automation in Construction 
16 Energy consumption in design and construction Chen et al. (2010b) Automation in Construction 
17 Embodied energy Ian et al. (2008) Corporate Social Responsibility and Environmental Management 
18 Operational energy Chen et al. (2010b) Automation in Construction 
19 Recyclable / renewable 
contents Chen et al. (2010b) Automation in Construction 
20 Reusable / recyclable 
elements Song et al. (2005) 
Journal of Construction Engineering 
and Management 
21 Land Use Shen et al. (2007) Journal of Civil Engineering and Management 
22 Material consumption Jaillon and Poon (2008) 
Construction Management and 
Economics 
23 Health of occupants (indoor 
air quality) Chen et al. (2010b) Automation in Construction 
24 Waste generation Jaillon and Poon (2008) 
Construction Management and 
Economics 
25 Waste disposal Soetanto et al. (2004) Engineering, Construction and Architectural Management 
26 Site disruption Chen et al. (2010b) Automation in Construction 
27 Transportation and lifting Song et al. (2005) Journal of Construction Engineering 
and Management 
28 Workers’ health and safety Chen et al. (2010b) Automation in Construction 
29 Knowledge and skills 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: Information, 
Process, Management 
30 Principles and values Ian et al. (2008) Corporate Social Responsibility and 
Environmental Management 
31 Influence on job market Chen et al. (2010b) Automation in Construction 
32 Local Economy Song et al. (2005) Journal of Construction Engineering 
and Management 
33 Participation and control Nelms et al. (2007) Building Research & Information 
34 Labour availability Chen et al. (2010b) Automation in Construction 
35 Community disturbance Nelms et al. (2007) Building Research & Information 
36 Traffic congestion Chen et al. (2010b) Automation in Construction 
37 Site attributes Song et al. (2005) Journal of Construction Engineering 
and Management 
38 Working conditions Song et al. (2005) Journal of Construction Engineering 
and Management 
39 Aesthetic options Tam et al. (2007) Building and Environment 
40 Physical space Chen et al. (2010b) Automation in Construction 
41 Disaster preparedness Kim et al. (2009) Automation in Construction 
42 Public participation Ian et al. (2008) Corporate Social Responsibility and Environmental Management 
43 Inclusive environment Shen et al. (2007) Journal of Civil Engineering and Management 
44 Durability Chen et al. (2010b) Automation in Construction 
45 Defects and damages Chen et al. (2010b) Automation in Construction 
46 Loading capacity Soetanto et al. (2004) Engineering, Construction and Architectural Management 
47 Integration of building 
services Chen et al. (2010b) Automation in Construction 
48 Integration of supply chains 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: Information, 
Process, Management 
49 Constructability Chen et al. (2010b) Automation in Construction 
50 Usage efficiency Soetanto et al. (2004) Engineering, Construction and Architectural Management 
51 Adaptability and flexibility Gibb and Isack (2001) Engineering Construction and Architectural Management 
52 Technology Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
53 Standardisation Gibb and Isack (2001) Engineering Construction and Architectural Management 
54 Governance 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: Information, 
Process, Management 
55 Legislation Song et al. (2005) Journal of Construction Engineering 
and Management 
56 Policy and strategy match Tam et al. (2007) Building and Environment 
57 Public awareness 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: Information, 
Process, Management 
58 Building capacity Johnson et al. (2004) Evaluation and Program Planning 
59 Design standard and project function Song et al. (2005) 
Journal of Construction Engineering 
and Management 
60 Project control guidelines 
Abd Hamid and 
Mohamad Kamar 
(2011) 
Construction Innovation: Information, 
Process, Management 
61 Integrated environmental and 
economic program Song et al. (2005) 
Journal of Construction Engineering 
and Management 
62 Procurement system Blismas and Wakefield (2007) 
Construction Innovation Special 
Edition 2008 
 
Table 2: Ranking of the 37 sustainable factors for IBS construction 
 
Sustainable factors Mean Std. Deviation 
Mean 
ranking t-value 
Construction time 4.64 .665 1 10.380* 
Production 4.52 .742 2 7.545* 
Waste generation 4.50 .792 3 6.652* 
Constructability 4.45 .728 4 6.657* 
Knowledge and skills 4.45 .797 5 6.081* 
Defects and damages 4.41 .687 6 6.380* 
Labour cost 4.39 .780 7 5.379* 
Waste disposal 4.38 .838 8 4.828* 
Procurement system 4.37 .722 9 5.472* 
Durability 4.36 .797 10 4.798* 
Working conditions 4.33 .734 11 4.827* 
Standardisation 4.33 .769 12 4.607* 
Usage efficiency 4.30 .728 13 4.486* 
Labour availability 4.30 .900 14 3.626* 
Material consumption 4.28 .785 15 3.837* 
Legislation 4.19 .915 16 2.262* 
Workers’ health and safety 4.14 .926 17 1.611 
Material costs 4.14 .981 18 1.520 
Project control guidelines 4.14 .895 19 1.682* 
Maintenance and operation costs 4.13 .755 20 1.852* 
Recyclable / renewable contents 4.12 .974 21 1.352 
Adaptability and flexibility 4.10 .917 22 1.118 
Site attributes 4.10 .868 23 1.181 
Site disruption 4.10 .868 24 1.181 
Policy and strategy match 4.09 .851 25 1.105 
Life cycle costs 4.08 .829 26 1.013 
Design standard and project function 4.08 .918 27 0.923 
Transportation and lifting 4.08 1.036 28 0.810 
Reusable / recyclable elements 4.08 1.010 29 0.838 
Loading capacity  4.08 .909 30 0.923 
Governance 4.07 .904 31 0.833 
Integrated environmental and economic 
program 
4.05 .943 32 0.598 
Community disturbance 4.04 .940 33 0.496 
Ecology preservation 4.04 .976 34 0.482 
Embodied energy 4.01 .987 35 0.100 
Traffic congestion 4.01 .940 36 0.095 
Water consumption 4.01 1.031 37 0.091 
*Critical sustainable factors with t-value > 1.6598  
  Kendall’s coefficient of Concordance = 0.104, Level of significance = 0.000 
  “Mean” score: 1 = very insignificant and 5 = very significant 
 
 
 
 
Table 3: Kruskal-Wallis Statistic for 18 critical sustainable IBS factors 
 
 Sustainable Factors Scale details Mean Mean Rank Kruskal-Wallis 
statistics (χ2) p-value 
 Mean SD Rank t-value G.1 G.2 G.3 G.4 G.5 G.6 G.7 
 Construction time 4.64 .665 1 10.380 48.48 55.37 66.04 71.26 54.86 59.50 55.38 8.906 0.179a 
 Production 4.52 .742 2 7.545 43.07 65.78 63.23 60.76 56.64 63.32 56.75 8.544 0.201a 
 Waste generation 4.50 .792 3 6.652 54.64 52.76 58.00 71.88 61.86 54.36 45.71 8.327 0.215a 
 Constructability 4.45 .728 4 6.657 40.74 71.98 75.35 63.35 55.25 49.77 48.84 20.032 0.002b 
 Knowledge and skills 4.45 .797 5 6.081 64.02 49.20 44.04 62.21 57.61 76.36 57.34 10.772 0.096a 
 Defects and damages 4.41 .687 6 6.380 53.52 59.09 74.65 71.26 54.39 57.82 37.97 15.425 0.017b 
 Labour cost 4.39 .780 7 5.379 40.12 59.28 77.42 70.06 55.50 59.32 52.31 16.631 0.010b 
 Waste disposal 4.38 .838 8 4.828 54.95 47.96 59.15 66.15 54.11 55.00 66.29 5.655 0.463a 
 Procurement system 4.37 .722 9 5.472 53.81 50.17 57.96 73.62 60.25 54.91 50.32 7.791 0.254a 
 Durability 4.36 .797 10 4.798 44.67 60.46 73.81 63.21 50.04 71.77 51.09 12.464 0.052a 
 Working conditions 4.33 .734 11 4.827 47.29 61.76 77.50 61.97 59.79 50.86 49.94 10.592 0.102a 
 Standardisation 4.33 .769 12 4.607 53.17 49.76 54.12 73.56 54.54 65.14 60.94 8.033 0.236a 
 Usage efficiency 4.30 .728 13 4.486 49.19 60.28 66.96 70.62 62.71 52.23 45.44 9.498 0.147a 
 Labour availability 4.30 .900 14 3.626 50.86 55.11 66.65 66.85 57.57 49.86 61.06 4.875 0.560a 
 Material consumption 4.28 .785 15 3.837 43.40 55.98 79.42 71.26 59.36 44.18 48.64 18.429 0.005b 
 Legislation 4.19 .915 16 2.262 57.14 39.65 62.92 68.94 68.14 50.73 59.07 13.200 0.040b 
 Project control guidelines 4.14 .895 17 1.682 53.40 50.02 57.00 76.32 58.25 56.36 49.64 9.125 0.167a 
 Maintenance and operation costs 4.13 .755 18 1.852 51.14 62.54 65.35 67.68 54.79 51.14 51.75 5.380 0.496a 
 * df for Kruskal-Wallis test = 6             
    G.1-designer /consultant; G.2-contractor; G.3-manufacturer; G.4-user; G.5-client; G.6-research/academic institution; G.7-authority/government agency 
 
    ap-value > .05 = there are no differences between the mean ranks of the sustainable factors for IBS between respondent's organisation.  
 
    bp-value < .05 = there are differences between the mean ranks of the sustainable factors for IBS between respondent's organisation.  
Table 4: Probability values in Mann-Whitney test on critical sustainable factors 
 
Groups Constructability 
Defects 
and 
damages 
Labour 
cost 
Material 
consumption Legislation 
G.1/G.2 0.114 0.030* 0.001* 0.524 0.053 
G.1/G.3 0.002* 0.001* 0.002* 0.046* 0.555 
G.1/G.4 0.009* 0.002* 0.026* 0.068 0.201 
G.1/G.5 0.132 0.094 0.156 0.925 0.261 
G.1/G.6 0.884 0.094 0.305 0.688 0.570 
G.1/G.7 0.567 0.342 0.487 0.132 0.870 
G.2/G.3 0.009* 0.052 0.648 0.094 0.032* 
G.2/G.4 0.067 0.218 0.307 0.155 0.006* 
G.2/G.5 0.717 0.695 0.065 0.617 0.012* 
G.2/G.6 0.241 1.000 0.018* 0.898 0.240 
G.2/G.7 0.404 0.468 0.016* 0.024* 0.058 
G.3/G.4 0.348 0.376 0.212 0.702 0.498 
G.3/G.5 0.050 0.028* 0.056 0.067 0.575 
G.3/G.6 0.004* 0.101 0.017* 0.120 0.255 
G.3/G.7 0.007* 0.037* 0.020* 0.003* 0.708 
G.4/G.5 0.232 0.126 0.439 0.103 0.926 
G.4/G.6 0.260 0.326 0.217 0.192 0.078 
G.4/G.7 0.980 0.116 0.177 0.003* 0.348 
G.5/G.6 0.879 0.757 0.663 0.756 0.106 
G.5/G.7 0.255 0.716 0.539 0.126 0.411 
G.6/G.7 0.279 0.552 0.828 0.077 0.533 
             *The probability value is significant at 0.05 level (2-tailed) 
                G.1-designer /consultant; G.2-contractor; G.3-manufacturer; G.4-user; G.5-client; G.6-        
                research/academic institution; G.7-authority/government agency 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1: Distribution of respondents by organisation type
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Figure 2: A conceptual model for decision making in sustainable IBS construction  
Sustainability Factor Category Dimension Outcome 
1. Waste generation  
2. Waste disposal  
3. Material consumption  
 
Ecological Performance 
1. Knowledge & Skills 
2. Working Conditions 
3. Labour Availability 
1. Construction Time 
2. Production 
3. Maintenance and 
Operation Cost 
4. Labour Cost 
1. Constructability 
2. Defects & Damages 
3. Durability 
4. Usage Efficiency 
1. Procurement System 
2. Standardisation 
3. Legislation 
4. Project Control 
Guidelines 
Social Equity and 
Culture 
Economical Value 
Technical Quality 
Implementation and 
Enforcement 
Environmental 
Social 
Economy 
Institutional 
Sustainable Deliverables 
in IBS 
Implementation 
